Rosmarinic acid is a naturally antioxidant, which is biosynthesized from the amino acids Lphenylalanine and L-tyrosine by eight enzymes that include phenylalanine ammonia lyase and cinnamic acid 4-hydroxylase. Rosmarinic acid can also be chemically produced by the esterification of caffeic acid and 3,4-dihydroxyphenyllactic acid. Recently, rosmarinic acid and its derivatives (RA) have attracted interests for their biological activities, which include antiinflammatory, anti-oxidant, anti-angiogenic, anti-tumor, and anti-microbial functions. RA extraction procedure from Xaden leaves Celastrus hindsii was investigated. RA extracts were obtained from 50 % ethanol extract. The optimal conditions for extraction were as followings: solvent/material ratio 12/1 (v/m), two time extractions, and total extraction time of 3 hours. RA extracts were refined by Diaion HP-20column to have RA with 83.30 % purity and yield 2.86 % (by dry weight material).
INTRODUCTION
Celastrus hindsii Benth (Chinese bitter-sweet, Xaden) is a species of Celastraceae family, which used to distribute in China, Vietnam, Myanmar, Thailand. In Vietnam, xaden naturally grows in forests, easily growing in the provinces of Hoa Binh, Ha Nam, Quang Ninh, Ninh Binh and is used as a traditional medicine for the treatment of ulcer, tumor, and inflammation. In the search for antitumor agents form Celastraceae family, a number of sesquiterpenoids and triterpenoids have been isolated from the ethanol extract of the dried stems of C. hindsii [1] [2] [3] [4] . Among the isolated compounds, maytenfolone-A and celasdine B showed potent cytotoxicity against cancer cell lines as well as anti-HIV replication activity [3] . Antioxidative compounds were isolated from the 50 % methanol extract of dried leaves of xaden from Vietnam. They were the five known compounds, rutin, kaempferol 3-rutinoside, rosmarinic acid, lithospermic acid, and lithospermic acid B, and the three novel oligomers of rosmarinic acid, a dimer and two trimers. Rosmarinic acid and their derivatives were the major components in the extract [5] .
inflammatory, antimicrobial, antioxidant, anti-tumor and treatment of allergic disease, slowing the development of Alzheimer's disease, therefore a lot of manufacturers of pharmaceutical and dietary supplements are interested in it [5 -9] . However, until now there are no study about technology of isolation of biologically active substances from Xaden leaves to effectively exploit the potential of it. Therefore, in this study, we research on process of separation of Rosmarinic acid and their derivatives from Celastrus Hindsii Benth leaves, creating rich RA products to be used in functional foods and pharmaceuticals.
MATERIALS AND METHODS

Plant Materials
Xaden leaves was collected in May 2014 at Hoa Binh, the scientific name of the plant samples was determined at the Research Center for drug production applications, the Military Medical Academy. The materials were processed by drying and then dried at a temperature of 60 °C until reaching a moisture content ≤ 7 %. After that, they were ground through a sieve of 2 -3 mm of thickness.
Reagents and Apparatus
All solvents n-hexane, ethyl acetate, acetonitrile, formic acid were of analytical grade. TLC silica gel of 60 plates, thick 0.25 mm (Merck, Darmstadt, Germany); Column chromatography Diaion HP-20 (Mitsubishi Chemical Co., Tokyo, Japan); HPLC was carried out using a Shimadzu LC-10AVvp pump equipped with a Shimadzu SPD-10Avp UV-Vis detector (Shimadzu Co., Kyoto, Japan). The extracts were separated on a Hydrosphere C18 (100 × 2.0 mm i.d) column at 40 °C, using a 15-min linear gradient of 20 % acetonitrile with 0.2 % formic acid to 35 % acetonitrile with 0.2 % formic acid at a flow rate of 1 mL/min. Compounds were detected by monitoring the elution at 280 nm. HPLC Flash 150 Binary system with solvent acetonitrile/H 2 O (25:75; v/v) Inertsil PREP-ODS (25 × 20 mm i.d), determined at 280 nm, flow rate of 1 mL/min. Nuclear magnetic resonance (NMR) spectra were recorded with an ECA-500 FT-NMR spectrometer (JEOL, Ltd., Tokyo, Japan) with CD 3 OD as the solvent and tetramethylsilane as the internal standard.
Analytical methods
Isolation of polyphenols from Xaden leaves
Dried leaves of Xaden (100.0 g) was defatted with hexane, ethyl acetate, and then successively extracted two times with aqueous 50% methanol (1000 mL) at 50 °C for 3 h. The solvent was removed, to afford methanol extract (28.7 g). The 50 % methanol extract was subjected to chromatography on a 25 × 4.8 cm inside diameter (i.d.) Diaion HP-20 column (Mitsubishi Chemical Co., Tokyo, Japan) with stepwise elution of methanol in water, all of the fractions were examined by chromatography TLC plate with developing solvent system chloroform/methanol/acetic acid (70:30:1, v/v), indicating by color mixture 0.2 % FeCl 3 and 0.5 % o-phenanthroline in ethanol to determine the group of polyphenols, the same parts of Rf were colected to obtained four fractions: I (12.0 g), II (4.18 g), III (1.99 g), and IV (3.99 g). Fracions I-IV were further subjected to chromatography on an 18 x 4.0 cm i.d. ODS-A 120-S 150 silica gel column (YMC Co., Kyoto, Japan) with stepwise elution of methanol in water, and then purified by HPLC Flash 150 Binary system. Reversed-phase HPLC was done with a 250 × 20 mm i.d. Inertsil PREP-ODS column (GL Sciences Inc., Tokyo, Japan) developed with acetic acid 0.1 % in acetonitrile/water (23:77, v/v) at a flow rate of 10.0 mL/min. The eluate was monitored by an absorbance at 280 nm. Compounds 5 (41.7 mg) and 8 (238.9 mg) were isolated from fraction I; compounds 3 (88.9 mg), 4 (35.4 mg), 6 (256.4 mg), and 7 (34.3 mg) were isolated from fraction II and compounds 1 (37.9 mg), 2 (50.0 mg) were isolated from fraction IV. The structures of isolated compounds 1-8 from Xaden leaves were elucidated by mass spectrometry analyses and nuclear magnetic resonance spectrometry (NMR) [5] .
Research on process of separation Rosmarinic acid and their derivatives (RA) from xaden leaves
The factors affecting on the yield to receive rosmarinic acid and their derivatives are solvent extraction, extraction times; ratio of solvent/material (v/m), extraction time (hours). When studying the effects of a certain factor, all experiments were conducted in the same technological conditions except technological factor being investigated. After selecting the appropriate value of the studied factor, this selected value has been fixed in subsequent experiments in order to investigate the influence of the remaining factors.
The selection of the appropriate value of the technological factors are based on the yield to receive RA and economic efficiency . Dried leaves of Xaden was defatted with hexane, ethyl acetate, and then successively extracted with aqueous 50 % methanol. The solvent was removed, to afford methanol extract from Xaden leaves. RA from Xaden leaves were separeted by Diaion HP-20 cholumn chroatogaphy and then further subjected to Inertsil PREP-ODS column to isolated compounds (1---8) . The structures of isolated compounds 1-8 were elucidated by mass spectrometry analyses and nuclear magnetic resonance spectrometry (NMR). They were rutin (1), kaempferol 3-rutinoside (2), rosmarinic acid (3), lithospermic acid (4), lithospermic acid B (6), and rosmarinic acid derivatives including rosmarinic acid two molecules (5), two compounds three molecules of rosmarinic acid (7 and 8) [5] . In eight compounds (1---8) , the compounds (3---8) are rosmarinic acid and derivatives thereof (RA).
Process of separation of rosmarinic acid and their derivatives (RA) from Xaden leaves
Research on the selection of solvent for extraction
The selected solvents in the extraction were H 2 O, MeOH, 50%MeOH, EtOH and 50%EtOH. The material was extracted by boiling with H 2 O during 30 minutes; or with other solvents at a temperature of 70 °C for 3 hours. The content of RA was analyzed by HPLC, each experiment was repeated 3 times ± SD (n = 3). The results are shown in Table 1 . The results in Table 1 show that with the extraction solvent of 50%MeOH and 50%EtOH, the total content of RA (3) and their derivatives (4)- (7) are the highest, but MeOH is a toxic solvent so it is only used in analysis, not in food and pharmaceutical productions, thus 50%EtOH was selected as solvent extraction. 
Research on the selection of condition for extraction + Effect of the solvent/material ratio on the yield of extraction:
We studied the solvent/material ratio of 8/1, 10/1, 12/1, 14/1. Experimental results are shown in Table 2 .
The result in Table 2 shows that when the ratio of solvent/ material increases, the yield of RA extraction also increases. However, with the ratio higher than 12/1, the yield only has a slightly increase. Therefore, the 12/1 ratio for solvent/ material was selected for use in the next experiments. 
+ Effect of the time extraction on the yield of extraction:
We studied the time extraction of 1,2, and 3 times. Experimental results are shown in Table 3 . According to the result in Table 3 , two-times of extraction was selected.
+ Effect of the extraction time on the yield of extraction: Theoretically, with the same amount of solvent, the longer the extraction time was, the higher yields of RA extraction were. But when extracted to a certain time, the amount of the obtained RA had negligible increase, meanwhile costing much time. Therefore, it is necessary to determine the appropriate time of extraction to achieve the highest economic efficiency. The results are shown in Table 4 . The result in Table 4 shows that when the extraction time was 3 hours or 4 hours, the yield of RA extraction slightly increased. In terms of economic efficiency, we selected the extraction time of 3 hours. 
Freeze dryer
According to the extraction and purification conditions as above, we propose the process of seperation rosmarinic acid and their derivatives (RA) from xaden leaves as follows:
Xaden leaves were dried at a temperature of 60 °C until reaching a moisture content ≤ 7 %, grinding through a sieve to the thickness level 2 < d ≤ 3 mm. The material was extracted with 50 % EtOH, solvent/material ratio 12/1 (v/m), two-times extraction (at the rate of time of 1: 7/1; 2 nd: 5/1), extraction temperature of 70 °C, and total extraction time of 3 hours, stiring speed of 200 rev/min, filtering and removing the solvent to obtain the extract of RA with the yield of 28.70 %. The RA extract was then added with water until the water reaches 10 % of dry matter, and then proceed to remove non-polar compounds by liquid-liquid n-hexane extract 2 times in the tank by dissociation with the rate 1/1 (v/v), of 1 hours. The water layer contain concentrated RA, was subjected to Diaion HP-20 chromatography column with stepwise elution of ethanol and water, RA was obtained in ethanol elution fraction. The ethanol fraction was then evaporated by vacuum evaporator to constant weight. Freezed drying at the temperature of -55 °C during 24 hours, pressure 0.5-1 mm Hg to obtain purified light brown RA compounds products with humidity ≤ 6 %, purity 83.30 %, yield 2.86 % of the total dry weight material ( Figure 2 ). The detail process of seperation of rosmarinic acid and their derivatives (RA) from Xaden leaves are shown in Scheme 1. 
CONCLUSIONS
In the present study, we propose the process of separation of rosmarinic acid and their derivatives (compounds 3-8) from Xaden leaves with the technological conditions as followings: solvent 50 % ethanol, solvent/material ratio 12/1 (v/m), extraction temperature 70 °C, two time extractions, and total extraction time 3 hours. We have obtained the rosmarinic acid and derivatives with purity 83.30 %, yield 2.86 % (by dry weight material).
